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CONVERSION FACTORS

English to Metric System (S{) of Measurement

English unit

inches {in)or(")

feet (ftlor(')
miles {mi)

square inches (in2)
square feet (ft2)
acres

gallons (gal)
cubic feet (ft3%
cubic yards (yd3)

cubic feet_per
second (ft3/s

galions per
minute {gal/min)

pounds {1b)

miles per hour {mph)
feet per second (fps)

feet per secoEd
squared {ft/s<)

acceleration due to
force_of gravity (G}
(ft/s2)

(1b/Ft3)

pounds (1bs)
(1000 1bs) kips

British thermal
unit (RTU}

foot-pounds (ft-Tb)
foot-kips (Ft-k}

inch-pounds (in-1bs)
foot-pounds {Ft-1bs)

pounds per square
inch {psi)
pounds per square
faot {psf)

kips per square
inch square root
inch {(ksivin)

pounds per square
inch square root
inch (psivim)

degrees (°)

Multiply by

25.40
(12540

.3048
1.609

6.432 x 10

.09290
L0047

3.785

.02832
7646

28.317

06309
.4536
-4470
»3048

.3048

9.8n07
16.02

4.448
4448

1055

1.356
1356

.1130
1.3568

6895
47.88

1.0988

1.0988

0.0175

To get metric equivalent

millimetres {mm}
metres (m)

metres (m)
kilometres {(km}
square metres (m?)
square metres (m=)
hectares {ha)
litre (1)

cubic metres (m3\
cubic metres (m?)

litres per secnnd 1/s)

litres per second (1/s)
kilograms (kg)
metres per second (m/s)

metres per second (m/s)

metres per sgcnnd
squared {m/s%)

metres per sgcond
squared (m/s€)

kilograms per cubic
metre (kg/m3)

newtons (N)
newtons (N)
joules (J})

joules (J}
joules (J)

newton-metres {Mm)
newton-metres {Nm)
pascals {Pa)
pascals (Pa)

mega pascalsumetra (MPa m)

kilo pascalsvmetre {(KPa m)

radians (rad)

Temperature degrees +F - 32 = +C degrees celsius (°C}
fahrenheit (F) 1.8
Concentration parts per million {ppm) 1 milligrams per kilogram (mg/kg)
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INTRODUCTION

The California Department of Transportation (Caltrans)
Laboratory (TransLab) began an FHWA-sponsored research
study of sulfur extended asphalt (SEA) in 1981 with three
objectives, The study sought to determine whether the
incorporation of sulfur with a soft grade of asphalt could
change the temperature-viscosity relationship of the
resulting binder, thereby making it more useful in cold and
hot c¢limates. The other objectives included determining
the performance of SEA pavements and developing & labora-
tory test procedure to predict SEA binder durability
(resistance to oxidative hardening).

To achieve these goals, two field test sections were con-
structed, A hot climate SEA test section was installed
midway between Baker and Barstow, California, on Interstate
15 in September 1982 (1) (Figure 1). Later a cold climate
test section was constructed at Benton, California, on

U.S. 6 in June 1984 (2) (Figure 2)., Complete details of
the planning, construction, and early evaluations are
available in the interim reports of each project (1,2).
Physical and preexisting conditions of each site are listed
in Tables 1 and 2.

The two projects utilized the same sulfur asphalt blends,
20 percent and 40 percent sulfur by weight*, and each pro-
ject used the same blending AR-2000 asphalt from Newhall
Refining; however, the blending operations were different.
The SEA binders used in the hot climate test section were
preblended prior to mixing with the aggregate in a drum
mixer, while the SEA binders used in the cold climate sec-
tion were blended during the mixing in the pugmill of a
batch plant mixer. 1In each instance, the resulting SEA
mixture was placed using conventional paving equipment

*A11 sulfur percentages indicated in the text are by weight
of total binder.
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and procedures. No significant difficulties were

‘encountered. Environmental controls were maintained with

little difficulty since proper temperature control of the
SEA was maintained during the mixing and paving operations.
Tables 3 and 4 1ist the environmental sampling results and
mix temperatures obtained at each test site.

This report present an analysis of the field data and
observations of the Baker and Benton test sections. The
analysis provide answers to the questions of SEA mixture
durability and the ability of the California Tilt-Oven
Durability (CATOD) test to predict SEA binder durability.

F
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FINDINGS AND CONCLUSIONS

The following findings and con¢1usions are presented:

1. The construction phase of this project as reported in
the interim reports (1,2) demonstrated that the use of SEA
binders in place of conventional asphalt binders will not
significantly affect the construction of asphalt concrete
(AC) overlays.

2. The use of SEA binders in AC mixes does not affect the
skid resistance characteristics of the resulting AC pave-
ments in comparison to conventional asphalt pavements,

3. Results of physical tests (Hveem System) on compacted
briquettes and field cores revealed no significant differ-
ences in stability, cohesion, and surface abrasion between
SEA and conventional asphalt mixes., However, Marshall
stability appears to increase with increased amounts of
sulfur.

4, The Abson recovery method is a viable method of
recovering SEA binders from mixes and cores for testing;
however, all methods which dissolve the SEA binders recover
only the sulfur which is in solution with the asphalt.

This is approximately 20 percent by weight of the binder.

5. The hardening rate of the AR-4000 asphalt binder was
faster than the AR-2000 and SEA binders in the Baker test
section.
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http://www.fastio.com/

ChhPD

6. The addition of sulfur to an asphalt binder (AR-2000)
s1ows down the hardening rate compared to the blending
asphalt; however, the SEA binders have poorer ductile pro-
perties as they age, relative to the AR-2000 control
asphalt.

7. Since the CATOD test was modeled after a hot desert
test site, the results obtained from it cannot be used to
directly predict oxidative age hardening of binders used in
a less severe weathering climate., However, when CATOD
values for the SEA and control binders are compared, it is
bossible to determine their comparative aging rates regard-
less of climate.

8. The pavements'in the Baker test section resisted crack-
ing for approximately three years longer than the compar-
able thickness pavements in the Benton test section. The

earlier cracking of the Benton pavements appears to have

been the result of a combination of greater deflections, a

"‘thinner overlay in one lane, and colder ambient
‘temperatures.

9. It appears that SEA blends may be more susceptibie to
thermal stresses in colder climates as the sulfur content
increases. The SEA 40 percent sections at the Benton site
(colder climate) had significant transverse (thermal)
cracking 16 months after overlaying, while the adjoining
SEA 20 percent and control sections required more than 28
months to reach nearly similar Tevels of transverse crack-

“ing. Transverse cracking was minimal in all the sections

at the warmer Baker test site: however, the SEA sections

“were the first to exhibit beginning transverse cracking at
"approximately 66 months.
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10. The pavements constructed with SEA blends in the
colder Benton site appeared to resist alligator cracking
better than the pavements constructed with the control
AR-2000 asphalt. The AR-2000 pavements had significant
alligator cracking after 46 months, while the SEA pavements
had minimal alligator cracking. Cracking of all of the
sections in the warmer Baker test sections was minimal 66
months after overlaying.

11, Overall cracking frequency of the pavements at each
site appeared to correlate well with binder hardening.

12. The SEA 20% had the best performance in both test
sections: however, the control AR-2000 was equal in perfor-
mance at the warmer Baker site, In warmer areas it appears
that. the primary factor affecting the cost-effectiveness of
SEA binders is whether the cost of sulfur is no more than
50% as much .as the asphalt, 1In colder areas, it appears
that SEA mixes with about 20 percent sulfur by weight may
offer greater resistance to alligator cracking than conven-
tional asphalt mixes.
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IMPLEMENTATION

Based on the finding of this study, it appears that SEA
blends with over 20 percent sulfur by weight should not be
utilized in AC overlays in colder climate areas due to an
early thermal crack potential.

Based on the findings of this study, SEA binders are a
viable alternative to conventional asphalt binders except
for the higher (over 20%) sulfur contents in cold climates.

Based on the finding of this study, SEA blends are not cost-
effective unless the cost of sulfur is less than 50 percent
of the cost of asphalt.
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TEST SECTIONS

I. Preface

This evaluation will focus on the performance of the
pavements constructed with SEA and conventional asphalt
binders in two environmentally different test sections., It
will also compare the effect of these environments on the
binder properties.

iII. Preconstruction

Prior to the construction of the test sections, con-
dition and crack surveys were performed. 1In addition, mix
design (Hveem-California Test 367) and SEA blending opera-
tions were made with samples of the proposed asphalts and
aggregates. Design data and binder content recommendations
derived from these operations are summarized in Tables 5
and 6., These data show that the physical properties of the
aggregates used in both test sections are very similar.
Since the mix type, size, and binder quantity recommenda-
tions are nearly the same, it follows that the mixes placed
in the Baker and Benton sections should be very similar.
Therefore, it appears that the mix parameters should have
had minimal effect on the performance of the SEA and con-
ventional asphalt concrete pavement overlays in the two .
test sections. Even though the Marshall design method was
not used to design the mixes used in the test sections,
Marshall briquettes were fabricated at the Hveem design
recommendations and tested for stability and flow. These
data are listed in Table 7. (The Marshall stability
increased with an increase in sulfur content.)

www fastio.com
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"III. Construction Phase (1,2)

The construction of the AC overlays with the SEA
blends and conventional asphalts was accomplished without
significant changes except for the connecting and blending
of the sulfur into the mixing operation. The locations and
paving operations data are listed in Figures 1 and 2 and
Tables 1,2,3,4,8, and 9 for the Baker and Benton test sec-
tions. The consfruction details for each of these sections
are reported in the interim reports. (1,2)

IV. Postconstruction Testing
A. Field Testing

Field testing of the completed test section overlays
consisted of skid resistance testing and deflection mea-
surements. Coring of samples for laboratory testing and
crack and condition surveys are covered later in the text.
Skid resistance testing was performed to determine whether
the SEA binders affected this property of the resulting
pavements. An analysis of the skid resistance test results
listed in Table 10 indicates that the SEA binders did not
affect the pavement texture. Preoverlay deflections were
obtained 2 years and 4 years prior to construction at the
Baker and Benton sites, respectively. These deflections
and traffic conditions, as outlined in Table é, were used
to determine the recommended overlay thicknesses. Post-
overlay deflection measurements were performed when the
equipment was available at 5 weeks after at the Baker site
and 12 months after at the Benton site. These deflection
measurements were performed to determine the uniformity of
the test sections at each test site. The data as recorded
in Table 2 indicate fair uniformity of postconstruction
deflections within each test lTocation and only slight

ClihPD www.fastio.com
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variations., Thickness measurements of cores removed 10 and
11 months after construction from the Baker and Benton test
sections (listed in Table 2) reveal a thinner than recom-
mended overlay at the Baker test site and a thicker than
recommended overlay at the Benton test section, especially
in the southbound lane which is approximately 0.10 foot
thicker than recommended,

B. Laboratory Testing

1. Whole Core Testing - The laboratory testing of

core samples taken periodically was done to determine the
uniformity of the materials and mixes and to record the
changes that took place as the conventional asphalt énd SEA
binders weathered., The extraction test results recorded in
Tables 11 and 12 show that there is uniformity of alil of
the mixtures with regards to grading of the aggregates.

The results also show that binder contents closely followed
the design binder recommendations in most cases.

Results of physical tests performed on the cores are recor-
ded in Tables 13 and 14. These results show that the
blending of sulfur into an asphalt binder had virtually no
effect on the physical properties of the pavement cores.
The results also show little change in the physical proper-
ties of the cores as the overlays aged.

2. Testing of Recovered Binders From Cores - The

primary goal of this study was to compare the performance
of SEA and conventional asphalt binders. To accomplish
this, it was necessary to use a reliahle method of recover-
ing the weathered field binders from the cores. The
conventional method is to use the Abson recovery
(California Test 380). According to data contained in the

www . fastio.com
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&'fﬁterimhbépb}ts (1,2) and data listed in Table 15, only the

sulfur in solution with the asphalt in the SEA blends can

‘be recovered by the Abson recovery process. Previous

results indicated this to be about 20 percent by weight.
Since this is probably the amount of sulfur in solution in
any SEA blend over 20 percent, the test results of residue
from SEA 40 percent blends should be acceptable even though
the residue from the Abson recovery only contains approxi-
mately 20 percent sulfur. Ash content test results (Table
15) include somewhat excessive ash contents on residues
from the Baker test sectior 54 month cores. This probably
represents a slight deficiency in the removal of fines from
the Abson solution during the recovery period. Other ash
contents were below the desired one percent maximum ash
content. It does not appear that the test results were

-influenced adversely.

A summary of the test results from the testing of the Abson
recovered residue is presented in Tables 16 and 17, The

"test results in Table 16 (Baker T.S.) indicate slightly

less weathering (softer residues) in the Number 2 lane,
except for the AR-4000, after 54 months., This may be due
to the greater compactive effort produced by more truck
traffic in this lane. Specific gravity results listed in
Table 13 indicate higher specific gravities after 54 months
in the Number 2 lane than the Number 1 lane, thus confirm-
ing that the percent of voids is probably less than in the

“Number 1 lane. Previous studies {3) have shown that the

void content of the AC pavement can affect the rate of
asphalt hardening. The test results of the binders used in

the Benton test section {(Table 17) show slightly more har-
"dening in the northbound lTane after 36 months., This may

also be explained by the higher specific gravity (decrease
in voids) of the cores from the southbound ltane.

10
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3, Comparison of Binder Hardening - In comparing the

hinder hardening (same binders in each site) between the
two field sites, several factors should be taken into
consideration. These include climate (temperatures, etc.)},
voids (compaction), and aggregate porosity. In a previous
study {3) it was determined that site temperature

" characteristics could be a significant factor on the binder

hardening rate. Following is a 1ist of previous weathering
sites {3) and their average yearly temperatures which are
compared to the SEA sections (from Table 1).

Average Comparative

Yearly Hardening
Weathering Site _ Temp(°F) Rates™*
Previous (3)
Fort Bragg (Northern Coastal) 52.9 4,5 years
Sacramento (Central Valley) 61.4 2.5 years
South Lake Tahoe 41.6 4.5 years
(Sierra Nevada, 6500 feet)

Indio {Low Desert, -22 feet) 73.0 1 year

SEA Sections (from Table 1)

Raker T.S. {(Medium Desert, 1600+ feet) 67.6
Benton T.S. (High Desert, 5300 feet) 55.5

*Time for three different asphalts (average results) to
reach 20 kilopoise absolute viscosity @ 140°F,

11
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The cdmparison shows how the Baker and Benton sites fit
into the climate situations of the previous study (3).

Test results from the Baker and Benton test sections are
listed in Table 18, Plots of the absolute viscosity from
Table 18 are graphed in Figure 3. A reprint from Vol, 50
of the AAPT proceedings (3) is presented as Figure 4.
These plots show that the hardening rates are very similar
in the Baker and Benton sites, especially for the AR-2000
control binders, Since the binders used in the previous
study (3) were all AR-4000 grade asphalts, the only binder
1n'this study which offers a comparison is the AR-4000 in
the Baker test section. A comparison of the previous
AR-4000 tests and the Baker AR-4000 can be made by compar-
. ing the AR-4000 plot in Figure 3 to the plots in Figure 4,
The plots show that the Baker hardening rate falls between
the Sacramento and Indio test sites for the AR-4000 binder.
The AR-2000 and SEA binders are softer and have slower
hardening rates, It appears that the addition of sulfur
slows the hardenihg rate since the AR-2000 blending control
asphalt has a slightly greater hardening rate than the SEA
binders.

4. Comparison of Recovered Binder Test Results to
CATOD Test Predictions - The third objective of this study
was to develop a procedure for predicting SEA binder dur-
ability (resistance to oxidative hardening and embrittie-
ment). Since the California Tilt-Oven Durability (CATOD)
test had been correlated to asphalt binder durability 1in a
hot weather setting (3), it seemed that it could be used to
‘estimate SEA binder durabi1ity; Thus, CATOD tests were
performed on the SEA and control binders from sach project
after construction. These CATOD results are listed along
with the latest field data for esach binder in Table 19.

12
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These results show that only the AR-4000 binder is
approaching the CATOD predictions. This indicates that the
Baker test site has a less severe weathering regime than
the CATOD standard which is the Indio or low desert
¢limate. In a comparison of CATOD predictions of penetra-
tion at 77°F between the SEA binders and the AR-2000 binder,
the values indicate that the SEA and AR-2000 binders should
age harden at approximately the same rate. The recovered
binder test results indicate that this is the case in both
test sections. Therefore, the CATOD procedure can be used
to predict the hardening rate of SEA binders.

C. Crack and Condition Evaluations

Crack and condition surveys were performed at each test
site before construction and periodically afterward. Sum-
maries of these surveys are presented in Tables 20 and 21.
A detailed summary of latest cracking is presented in

Table 22. The evaluations show that the Baker test section
pavements resisted cracking for a significantly longer
period than the Benton test pavements. Except for the
deficient binder area at the Baker site, the Baker test
sections resisted cracking for approximately three years
longer than the equal thickness southbound overlay in the
Benton test section (see Figures 5 and 6.) Deflection
values are compared to cracking frequencies in Table 22,
The deflection values are significantly greater at the
Benton site than in the Baker test sections (see Figure 7).
It appears that the combination of greater deflections, a
somewhat thinner overlay in the northbound Tane, and the
colder climate at the Benton site have made a significant
contribution toward the higher incidence of cracking in the
Benton sections.

13
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‘ﬁThe cracking data from each test site reveals that the SEA

pavements were more susceptible to early transverse (ther-
mal) cracking than the conventional pavements (Figures 8
and 9), This was especially true in the SEA 40% portion of
the northbound lane at the Benton test site (Figure 8). It
had significant transverse cracking (42.5% reflected) after
only 16 months. The SEA 20% section in the northbound Tane
did not approach this degree of cracking until more than 28
months after overlaying. However, the SEA sections in the
Benton test section resisted aliigator cracking Tonger than

‘the control AR-2000 section. The AR-2000 section shows
‘major alligator cracking in the northbound lane after 4

years, It appears that the SEA binders may be more ther-
mally sensitive in colder climates, especially for higher

" sulfur contents. In the warmer Baker test section, the SEA

and AR-2000 control-sections have approximately equal
cracking after 66 months; however, all of the sections have
minimal cracking at that point. The overall cracking fre-
quency correlates fairly well with binder hardening at each
test site. Photographs of the Baker sections at 66 months
are shown in Figures 10 thru 14, and of the Benton sections
at 46 months in Figure 15.

¥. Cost Considerations

Based on the results of tests on the binders, it
appears that the SEA binders have a slower or equal harden-

“ing rate in comparison to the blending AR-2000 control
asphalt (Table 18). Based on the crack surveys {Tables 20,

21, andt22), it appears that the pavements constructed with

' SEA binders appear to resist alligator cracking better than

the pavements constructed with the conventional AR-2000
binder; however, the higher sulfur content (+40%) SEA pave-
ments are more prone to thermal cracking at an early age.
In the interim reports (1,2}, it was concluded that sulfur
was not a cost-effective substitute in the Baker and Benton
test sections since it cost more than 50% as much as the

14
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asphalt. Cost considerations at that time did not include
service life potential., Based on the approximately 4 and 5
years of service 1ife at the Benton and Baker sites,
respectively, the SEA 20% sections had the best overall
performance; however, the control AR-2000 was equal in
performance at the warmer Baker site. In warmer areas, it
appears that the primary factor affecting the cost-
effectiveness of SEA binders is whether the cost of sulfur
is no mare than 50% as much as the asphalt. In colder
areas, it appears that SEA mixes with about 20 percent
sulfur by weight may offer greater resistance to alligator
cracking than conventional asphalt pavements.

VI. Analysis of Objectives
The objectives of this study were:

1, Determine whether one grade of "soft" asphalt can be
used in both cold and hot areas by the addition of sulfur
to change mixing characteristics of the resultin§ binder.

2. Determine the durability (performance) of the resulting
SEA pavements in cold and hot environments.

3. Develop a laboratory test procedure which will predict
SEA mixture field performance.

A, Objective 1

To accomplish this objective, the same "soft" (AR-2000)
blending asphalt was used in both the cold and hot test
sites., Table 23 shows that the addition of sulfur caused a
marked reduction in original, mixing, and paving viscosi-
ties of the resulting SEA binders compared to the control
AR-2000 (blending) asphalt binder. This did not affect the

15
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Hyeem Sfabi]ities of the resulting AC mixes made from the
SEA and control binders; however, Marshall stabilities of
the same mixes increased with the addition of more sulfur.
It is apparent that the viscosity of sulfur, when melted
(240 to 300°F approximately), affects the viscosity of the
SEA binders significantly regardless of the blending
ashha]t. The Marshall stabilities, however, indicate
increased stiffness of the resulting mixes.

The effect of the,addition of sulfur on temperature suscep-
tibility is indicated in Table 23 by the pen ratio [(pen
39.2°F/pen 77°F) x 100] where lower pen ratio values indi-
cate greater temperature susceptibility. The penetration/
viscosity number (PVN)(4) indicates greater temperature
susceptibility by a lower or more negative number,

6.489 - 1.590 log P-log X
PYN = (-1.5)

]

"where P
)4

penetration at 77°F (25°C), dmm
viscosity at 140°F (60°C), poise

‘The Pen Ratio and PVN values listed in Table 23 indicate
virtually no effect on temperature susceptibility by the
addition of sulfur.

B. Objective 2

The performance of the SEA and control pavements is dis-
cussed earlier. A summary of the findings is as follows:

16
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1. Pavements constructed in colder climatic areas with
higher sulfur (40%+) content SEA binders appear to be more
susceptible to early transverse (thermal) cracking.

2. Pavements constructed with SEA binders may be more
resistant to alligator cracking than conventional asphalt
pavement, especially in colder areas.

C. Objective 3

The CATOD procedure was utilized as a predictor of SEA
binder resistance to hardening since it was calibrated
against a spectrum of California asphalt's weathering per-
formances in a hot desert test site., Since the SEA test
sites were less severe than the CATOD model, the CATOD
procedure can not directly predict binder aging rate in
these cooler sites. However, when the CATOD values are
compa}ed for the SEA and control binders, they indicate
that the SEA binders should age at the same rate as the
control binders. The field samples of the SEA and control
sections indicate that this is generally true. Therefore,
the tilt oven can be used to determine the aging rate of
SEA binders as well as standard asphalts.

17
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Table 1

TEST SECTION PHYSICAL CONDITIONS

Weather Conditions*
Temperatures (°F)

. Rainfall
Average {inches)
Test Altitude  Summer Winter Yearly Average Yearly Average
Sectian Terrain (feet) (Maximum) (Minimum)

5 Yr. Avg. 5 Yr, Avg. 5 Yrs Normal 5 Yrs Norma]

Baker Level and 1700 112 20 7.6 67.2 5.47 3.81
(Hot) Straight :

Banton Level and 5300 108 9 55.5 B6.1- 8.8 -
(Cold) Straight

*Data from U.S. Department of Commerce, National Oceanic and Atmospheric Administra-
tion (NOAA) Climatological Summaries for 1982 thru 1986, Baker T. S. data from Dag-
gett FAA, (elevation 1922 feet, 25 miles west). Benton T. S. data from Bishop, (ele-
vation 4100 feet, 30 miles south) for temperatures and Benton Inspection Station
(elevation 5461 feet, 2 miles east) for rainfall. From conversations with local
Benton residents, it is believed that Benton maximum and minimum temperatures should
be about 10°F lower than Bishop temperatures.
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" Table 2

PREEXISTING CONDITIONS - STRUCTNRAL, TRAFFIC, AND DEFLECTION DATA

{80th Percentile) Actual
Preexisting Deflections NGAC
Original Neflection After Overlay Overlay
Construction Measurements 80th Percentile Thickness
Location Preexisting Structurai Data (age) Section (inches)** {inches)** {feat)x**
& Traffic Conditions*
Baker
AR-4000
0.04' 0GAC 1964 NB #1 - n.one 0.21
0.54' DGAC (18 years) NB #2 0,007 0.004 0.21
0.67' AB '
0.75' AS AR-2000 _
NB #1 - 0.010 0.22
1979 ADT = NB #2 - 0.010 0.19
15,300 (15% trucks)
1995 Estimated _
ADT = 26,000
Estimated 10 years :
Tele = 11.5
SEA 20%
KB #1 - 0.008 0.21
NB #2 0.m3 0.012 0.23
SEA 40%
NE #1 - 0.007 .19
NB #2 - 0.012 0.21
Benton
AR-2000
0.08 DGAC (1977} Prior to 1950 NB 0,019 0.024 0.14
N.08 NGAC (1963) SB 0.018 0,020 0.26
0.25 DGAC :
0.50 Imported Borrow
1979 ADT =
1900 (15% trucks)
1995 Estimated
ADT = 2500
Estimated 10 Years
T.I. = 8,0
SEA 20%
NR 0.019 0.025 0.18
SB 0.018 4,022 n.24
SEA 40%
N8 g.019 0.018 0.16
SB 0.018 .021 0,26
* Thickness in feet, 0.G.A.C. = Open Graded Asphalt Concrate
D.G.A.C. = Dense Graded Asphalt Concrete
A.B. = Aggregate Base
A.5, = Aggregate Subbase

" 0.G.A.C, was removed prior to construction of SEA T.S. overlays.

** Preexisting deflections - 1980, Postconstruction Neflections - Raker 5 weeks, Benton 12 months,
after overlaying

***Recommended overlay thicknesses based on deflections and traffic conditions = Baker T.S5. = 0,25
feet, Benton T.5. = 0.15 feet. Actual thicknesses are average of two or more cores taken at 10
and 11 months from the Baker and Benton, T.S.
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Table 3

ENVIRONMENTAL SAMPLING APPARATYS AND TEST RESULTS

Sampling Results™
{maximum ppmy - -

Tatal Suspended Pa

Apparatus Sampling Location Baker T.S. Benton T.S.
Short Duration {gas detectors}
H2S = Interscan Windrow 3 4
del 1176 - Range Paver Auger 5 2
0-10/0-100 ppm Roadside 0 0
Hot Plant Hopper . >1 8
502 - Interscan Windrow 1 4
_-ﬁbdel 1248 with Paver Auger 1 20 (Rurst)
H28 Scrubber - Ranges Roadside o 2
0-10/0-25/0-50 ppmn Hot Plant Hopper a 12
Long Duration {gas detectar)
Oraeger Polymeter
Long OQuration Tube for
H2S On Paver 1.4 0.87
502 On Paver 0.5 0
Control  SEA Control  SEA
_Particulate Measurement Plant Paving Paving Paving Paving
General metals high TSP 0.66 13.6 22.5 1.62
volume atr sampier with Sulfates 0.01 0.05 0,05 0.0
Sierra Instruments Flow Free Sulfur O 0.05 0.00007 0.0
Controller to regulate
airflow to 40 CFM. Roadside
Total Suspended ; i
Particulates (TSP), TSP 0.12 0.11 0.19 0.49
maximum values (mg/m3)  Sulfates 0.01 0.03  0.01 0.02
Free Sulfur 0.00009 0,0145 0.0 0.076
*Requlations (1,2)
Permissible
Exposure Limit Excursion Excursion Ceiling
L (PEL) Limit Duration _Eimit
HzS = 10 ppm 20 ppm 10min/8hr 50 ppm
{25C, 760mmig)
S0p = 3.5 ppm
(25¢, 76Qmmig)

rticulates (TSP} = (Dust, Sulfates, & Free Sulfur as Nuisance
Dust)

Nuisance Nust (TLY) = Total Dust = 10 mg/m3, Respirable Dust = 5 mg/m3
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Table 4

TEST SECTION INSTALLATION TEMPERATURES

Mix Temperatures °F (average)

ClibPD

Test Mixing Behind Air Weather
Sectiqn Binder Plant Windrow Screed Breakdown Temperature Condition
Baker AR-4000 282 271 252 233 83/103 Clear
AR-2000 285 270 243 242 83/100  Cloudy
SEA 20% 286 279 254 - 68/82 Clear, later
Cloudy w/
Showers.
Windy
SEA 407 287 275 260 252 78/80  Clear, later
- Cloudy w/
Showers.,
Windy
Benton AR-2000 300 272 255 230 72/80  Clear, later
Cloudy
SEA 20% . 286 276 260 230 68/71 Cloudy
SEA 40% 286 | 282 273 253 68/71 Cloudy
23
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Table 5

MIX DESIGN DATA

~ Baker T.S. . Benton T.S.
1. Design Method Hveem (Calif. Test 367) Hveem
' 2. Mix Type, Size, Grading ' Type A, 1/2" Maximum, Type A, 1/2" Maximum,
(Calif. Stand. Spec. Sect 39) Coarse Coarse
3. Aggregate (source) Opah Ditch Pit Milner Fan Pit
(10 miles west of (at PM 7,8 south
Baker) of highway)
4. Aggregate Properties
Calif.,
Test
Specific Gravity Coarse - 206 2.56 2.64
- Fine - 208 2.69 2.67
LART Abrasion Loss
after 500 Revolutions - 211 26% 19%
K¢ Factor 303 1.2 0.9
Kf Factor : 303 1.1 1.0
Km Factor 303 1.1 1.0
Surface Area ftZ/pound 303 26 26.3
Sand Equivalent 217 64 79
5. Blending Asphalt - AR-2000 Newhall Newhall
6. Sulfur ~ Commercial Grade 99.4% Pure
7. Binders ' AR-4000, AR-2000 AR-2000, SEA 20%
SEA 20%, SEA 40% - SEA 40% '

24
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Table 6

MIX DESIGN BINDER RECOMMENDATIONS*

Design Briquette Values
Test Percent** - Stability Percent Specific
Section Binder Binder Calif., Test 366 Voids* Gravity*

BAKER  AR-4000%** 5.4 43 5.3 . 2.30
AR-2000 5.4 40 6.0 2.25
SEA 20% 6.0 41 6.0 2.26
SEA 40% 8.0 38 4,5 2.27
BENTON  AR-2000 5.5 38 4.5 2.31
SEA 20% 6.0 39 4,5 2.33
SEA 40% 7.5 46 4.8 2.31

* California Test 367 (Hveem)

** By weight of dry aggregate

***AR-4000 mix design by District 08 Lab in San Bernardino. Job
asphalt.

25
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Table 7

MARSHALL TEST RESULTS ON
LABORATORY BRIQUETTES

FABRICATED AT DESIGN BINDER CONTENT
(AASHTO T245)

Briquette
Test Design Binder* Stability Flow Specific
Section Binder Content (%) (pounds) {0.01 inch) Gravity
Baker AR-2000 5.2 1473 23 2.28
SEA 20% 6.0 1840 21 2.32
SEA 40% 8.0 2617 23 2.35
Benton  AR-2000 5.4 1184 20 2.30
SEA 20% 6.0 1430 15 2.32
SEA 40% 7.5 1790 17 2.34

*By weight of dry aggregate - control AR-2000 binder contents

reflect binder contents used on job.

www fastio.com
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“Table 8
TEST SECTION LAYOUT DATA
BAKER TEST SECTION (Hot Climate)

No. of . Overlay
Section Locatian Lane Layers Thickness (faet) Binder Contents(%}
oo Design Actual* Design ~ Actual*>
1. AR-4000 PH 107.75-108.25 1 1 0.25 0.21 5.4 5.3
2. AR-4000 PM 107.75-108.25 2 1 0.25 n.21 5.4 5.4
3, AR-2000 .PM 108.25-108.96 1 1 0.25 0.22 5.4 5.2
4, AR-2000 PM 108.25-108.96 2 1 0.25 0.19 5.4 5.3
§. SEA 20% PM 108.96-109.53 1 2 0.10' Surf 0.21 6.0 5.5
0.15' Level
6. SEA 40% PM 109.53-109.9%4 1 2 0,10' Surf 0,19 8.0 7.7
0.15' Level
***7_  SEA 20% PM 108.96-109.15 2 1 0.25' one 0.23 6.0 4.3
- 1ift
8. SEA 20% PM-109,15-109.58 2 1 0.25"' one 0.23 6.0 S.4
1ift
9, SEA 40% PM 109,58-109.94 2 1 N.25' one 0.22 g.0 7.7
. 1ift ’

* From core sampies taken 10 months after construction,
** Average of binder content determinations from 4 mix or core samplings.
**+Deficient binder area in #2 lane. Binder content 4.3 instead of 6.0 percent.

BENTON TEST SECTION {(Cold Climate)

Section Location* Lane Eg§e2: Thicg::;la{feet) Binder Contents(%}***
Design Actual** Design Actual

1. .SEA 4d% $ta 1299-1310 NB 1 0.15 : 0.16 7.5 7.1

Z.IKSEﬁ 40% Sta 1299-1312+50 SB 1 0.15 0.26 7.5 7.3

3. SEA 20% Sta 1310-132% NB 1 0.15 0.18 6.0 5.8

5 4, SEA 20% Sta 1312+#50-1328 SB 1 n.15 g.24 6.0 5.5
- 5. AR-2000 Sta 1325-1347 MR 1 0,15 0.14 §.5 - 5.4
6. AR-2000 Sta 1325-1347 S8 1 0.15 0.26 5.5 5.4

* Sta 1299 = PM 24,62, PM 25,0 = Sta 1319.08
#* From core samples taken 11 months after construction.
wx*pyarage of binder content determinations from 3 or more core samplings.
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Test Section

Table 9
COMPACTION DATA

Relative Compaction*
(Field Density/Design Density x100) . Max Sp. Gr. x100-100)

% Field Voids*
(Field Density/Theo.

a Nuclear Wax Gravity of
Field Cores**
BAKER 4
AR-4000 NB#1 - 97.8
NB#2 - 96.9
AR-2000 NB#1 - 98.2
NB#2 - 99,6
SEA '20% NB#1 - 97.8
NB#2 - 99,1
SEA 40% NB#1 - 98.0
NB#2 - 9g.8
BENTON
AR-2000 NB 95.7 98.3
SB 99.1
SEA 20% NB 95,3 98.7
SB 98.3
SEA 40% NB 97.4 100.0
SB 100.0
o - * Relative Compaction - (California Test 375)

% Field Voids - {California Test 367).

Nuclear

9.8
9.8

7.8

Wax Gravity of
Field Cores**

oD o~
. e . .
W wm & BN~

o n
. .
W

Based on Nuclear and waxed gravities.

** Waxed gravities performed on four inch cores removed 10 and 11 months after
construction. '
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Table 10

SKID TEST DATA (ASTM E-274)

Skid Number (ASTM SNap)}

Lane #1 Lane #2
Test
Location Section Limits 6mo  29mo émo 2%9mo
" BAKER
AR-4000 PM 107.75 to 108.25 49 50 47 48
AR-2000 PM 108.25 to 108.96 47 50 44 47
SEA 20% PM 108.96 to 109.58 ° 51 52 49 B0
SEA 40% PM 109.58 to 109.94 49 51 47 48
Test NB Lane SB Lane
Location Section Limits 8mo 8mo
BENTON
AR-2000 NB PM 25.07 to 25.48 52 52
SB PM 25.48 to 25.07
SEA 20% NB PM 24.79 to 25.07 55 53
SB PM 25.07 to 24.82
SEA 40% NB PM 24.58 to 24.79 52 52

SB PM 24.82 to 24.58

29
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" Table 12

SUMMARY OF EXTRACTION TESTING*

BENTON T.S. NB AND SB LANE
{Road 09-Mno-6}

Grading {percent passing)
Operating Range* AR-2000 SEA 20%  SEA 40%
Size 1/2" Max., Coarse NB SB NB SB NB 3B

(% Passing)

3/4" 100 100 100 100 100 100 100

/2" - 95-100 : 86 96 96 96 96 97
3/8" 75-90 - 85 83 83 82 83 83
No. 4 50-66 63 64 56 56 53 55
No. 8 35-50 4 44 42 41 38 41
No. 16 31 31 31 30 28 30
No. 30 15-30 21 22 =22 21 20 7?21
No. 50 15 14 14 14 12 13
No. 100 9 9 9 9 7 8
No. 200 3-7 6.5 6.0 5.7 5.6 4.8 5.0
Binder design 5.5 5.5 6.0 6.0 7.5 7.5
Content % actual 5.4 5,4 5.8 5.6 7.1 7.3

*Extractions by California Test 310, California Standard
Specification, Section 39, for dense graded asphalt con-

crete Type A, 1/2 inch maximum, coarse grading., Results

are averages of windrow and core samples representing six
samples.
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Table 13

SUMMARY OF TEST RESULTS OF TESTS OM 4 INCH CORES
(Raker Test Section - 08-SBd-15-NB Lanes)

Test Results (Average of 2 or more samples)

AR-4000 AR-2000 SEA 20% SEA 40%
Overlay Cane Lane Tane Lane Llane Lane Lane Lane Lane
Test Tast Method Age {months) £1 42 #1 #2 #1 #2_ DBA #1 #2
Stability {HVEEM) Calif., Test 366 Original* Regular 40 38 37 42 43
MySxix 38 38 38 a1 39
i 10 Regular 22 25 26 28 2 25 26 26 26
MVS 26 24 27 26 27 26 24 26 25
28 Regular 27 27 25 26 23 kL3 31 25 28
* MYS 26 23 27 28 22 29 25 25 30
54 Regular 30 29 26 31 3n 31 29 28 31
MVS - 31 - 23 - 32 - - 33
Cohesion Calif, Test 306 Original Regular 209 150 133 73 141
MVS 295 233 261 172 312
10 Regular 99 76 91 70 83 115 83 95 151
~Mvs 156 140 102 92 92 100 97 148 155
28 Regular 105 154 149 187 157 115 171 193 225
. MYS - - - - - - - - -
54 Regular 156 158 8¢ 88 123 101 74 151 180
MVS - 454 - 423 - 288 - - 452
Specific Gravity Calif. Test 308 OFigina1 Reqular 2.28 2.26 2.26 2.28
(waxed)
10 Regular 2.23 2,21 2,22 2,22 2.21 2,24 2,22 2.24 2.27
MVS 2.20 2.19 2.25 2.24 2,20 2,22 2.18 2.22 2.2%
28 Regular 2,22 2.24 2.23 2.27 2.18 2.25 2,21 2.25% 2.31
MVS 2,21 2.22 2.722 2,20 2.15 2.22 2.20 2.24 2.28
54 Reguiar 2.26 2.29 2.25 2.28 2.25 2.28 2.20 2.26 2.32
MVS - 2.24 - z2.22 - 2.24 - - 2.28
Surface Abrasion Calif, Test 360 Original 46.2 43.1 44,4 75,1 35,9
{grams loss) Method B
10 31.5 33.5 23,7 26,9 34,1 24,8 37.6 22.9 20.0
23 32.0 27.0 34.7 26.3 46.4 36.6 43.1 29.5 28.1
54 27.9 26.6 28.8 21.7 35.0 38.8 - 34,2 24,8
" Moisture Vapor Calif. Test 307 Original 0.30 0.23 .30 0.30 0.26
Susceptibility (MVS)
(% moisture absorbed) 10 0.5 0.4 0.4 0.6 0.5 0.4 0.4 0.4 0.4
- 28 - - - - - - - - -
54 - 0.3 - 0.4 - 1.4 - - 0.4

* Windrow mix was laboratory compacted to method density, field cores as received.

** Deficient Rinder Area,
***0n cores subjected to MVS Test [Calif. Test 307)
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" Table 14

SUMMARY OF TEST RESULTS OF TESTS ON 4 INCH CORES
(Benton T.S5. - 06-Mno-6-24.5/25.5)

Test Results

{Average of 2 or more samples})
Overlay AR=2000 SEA 20% SEA 40%

Test - Test Method Age (months) NB SB NB SB NB SR
Stability {HVEEM) Calif. Test 366 Original* Regular 40 41 42
My 3 37 40
11 " Regular 32 33 30 28 k)| 38
MVS 29 32 28 29 33 36
36 Reguiar 29 38 23 30 29 Kt}
MVS 26 29 3 29 34 34
Cohesion Calif. Test 306 OQriginal Regular 170 211 228
' MYS 259 304 -
11 Regular 154 158 150 143 196 217
* . MVS 331 225 228 272 33/ 380
- 36 Regular 235 153 273 159 328 231
MYS 395 345 245 265 426 274
Specific Gravity Calif. Test 308 Original Regular 2.32 2.34 2.31
{waxed) HVS - - -
. 11 Regular 2,27 2.29 2.30 2.29 2.31 2.31
MVS 2.27 2.28 2.28 2.28 2,30 2.32
36 Regular 2.27 2.31 2.30 2.30 2.30 2.34
i} MYS 2.22 2.25 2,25 2.24 2.26 2.30
Surface Abrasion Calif., Test 360 Original 34.0 35.8 37.6
{grams oss) - Method B
11 19.8 19.6 25.8 26.6 28.0 27.1
36 24.0 25.7 24,9 26.7 29.6 26.1
Moisture Vapor Calif. Test 307 Original 0.20 0.20 n.23
Susceptibility (MVS)
(% moisture absorbed) 11 0.35 0.35 0.65 0.35 0.45 0.15
36 0.10 - 0.0 0.40 0.10 0.30

"% Windrow mix was Taboratory compacted to method density, field cores as received.
** On cores subjected to MVS Test (California Test 307)
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Table 17

SUMMARY OF RECOVERED BINDER*
TEST RESYLTS - BENTON T.S.

- : Tast Overlay Test Results of Binders
Method No. Age {Average of two or more).

Test on Residue AASHTO- (months) AR-2000 SEA 20% SEA 40%
M NB SB NB SB NB SB
Lane Llane Lane Lane Lane Lane

Absolute Viscosity T202 Orig. 2025 1477 1608
at 140°F (poise) 10 4848 5202 2775 2871 2813 2205
36 9835 7702 6262 5323 7089 6686

Kinematic Viscosity T201 Orig. 293 154 150
at 275°F (cst) 10 443 440 214 230 207 189
36 - 560 540 382 453 296 277

Penetration at T49 Orig. 50 56 87
77°F (dmm} 10 30 27 40 41 39 44
. 36 23 25 27 30 27 27

Penetration at Orig. 15 16 17
39.2°F (dmm) 36 8 9 13 14 11 12

Softening Point T53 Orig. 123 122 121
(°F) 10 - 131 133 127 128 127 127
36 136 134 135 132 135 134

Ductility at T51 Orig. 150+ a4 84
77°F (cm) 10 100+ 100+ 92 83 100+ 82
36 100+ 100+ 53 68 40 51

*Qriginal Mix - from windrow, remaining samples 12 inch cores. Test on
binder residues recovered by California Test 380 {Abson recovery}.
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Table 18

COMPARISON OF TEST RESULTS OF ABSON* RECOVERED
RESIDUES FROM THE BAKER AND BENTON T.S.

Overlay Test Result - (Averages)
Age ** =400 R= SEA 20%

Test (months) Baker Genton Baker Benton Baker Benton Baker Benton
Absolute Viscosity Orig. 4744 - 2675 2025 1101 1477 1103 1605
140°F (poise) 10/11 10109 - 4401 5025 1869 2823 1823 2509

28/36 21387 - 7969 8768 6134 5792 3044 6887

_ 54 37178 - 10611 - 8501 - 5984 -
Kinematic Viscosity Orig. - 44§ - 356 293 155 154 154 150
at 275°F. 10/11 8§77 - 413 441 194 222 166 198
{centistokes) 28/36 794 - 539 550 315 417 217 281

54 : 947 - 580 - 382 - 320 -
Penetration Orig. 27 - a0 50 68 56 70 57
at 77°F (dmm) 10/11 20 - 31 29 52 40 52 42
28/36 16 - 24 24 28 29 36 30
54 .13 - 22 - 24 - 27 -
Softening Point Orig. 131 - 127 123 121 122 121 121
(°F) 10/11 139 - 131 132 124 127 123 127
23/36 142 - 134 135 133 134 127 135
54 152 - 140 - 139 - 137 -
Ductility at Orig. 100+ - 100+ 100+ 100+ 94 100+ 84
77°F (em) 16/11 100+ - 100+ 100+ 99 88 92 91
. 28/36 18 - 100+ 100+ 74 61 100+ 46
54 10 - 29 - 30 - 72 -
PYNF*** Oriq. -1.103 -1,115 -1,077 =1.249 -1.228 -1,206 =-1.121

* Absoh Recovery - California Test 380 - Test results are the combining of both lanes.
Test results listed in Tables 16 and 17,

**(Qverlay Age = Baker/Benton

***DNV on penetration (dmm) at 77°F and absolute viscosity (poise) at 140°F,

¥
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Table 20
CRACK SURVEY DATA SUMMARY*
(Baker T, S5.)

o LANE S
Urigs 11 Mas 17 MOs 22 MOa 33 MGs 53 M0a A5 MOe

Saction Length (feet) 3-82 383 2=84 7-84 586 337 3-88

AR=4000 2,000 1590 0 a a a 1] 0
{cantrol)
% of Total Length 79.% 0 1} 0 o 1) 0
Cracked
Mg. of Transverse 19 Q 1] 1] 0 Q n
Cracks
% Reflected - a9 Q0 1] 0 0 1]
AR=200C 3,500 2755 0 0 1] 0 0 0
{control)
% of Total Length 75,5 0 0 1] 0 ] 1.9
Cracked
No, of Transvarse 13 0 9 0 1] 0 0
Cracks *
T Reflectad - 0 0 0 b n ¢
SEA 20% . 2,400 366 ] n Q 0 g a9
% of Total Length 15.3 0 i} n 0 0 0
Cricked
No. of Transverse 7 0 a 0 0 a2 0
Cracks
% Reflected - 0 0 0 . A 0 1]
SEA 402 . 2,400 1079 0 0 n n i} 1
% of Tatal Length 44,5 0 0 0 1] 1] 0.
Cracked
Ho..of Transverse 15 n n (] a 0 1
Cracks N .
% Reflected - n 0 1] ] ] 6.5
* LANE #2
Urige 1L mo. 17 mo. 22 @0. 33 MO0, 58 @0, 05 Ml
Section Length (feet) 3-82 333 2-34 7-84 535 3-37 3-88 .
AR-4000 2,000 1875 1] n 0 ) 1] 303
{control) ’
% of Total Length 93.7 1] o a 1] 1] 15.1
Cracked .
No. of Transvarse 14 a 0 0 a 1] 1
Cracks
% Raflected - n 0 1} 0 ] 7.1
AR-20N0 1,600 - 2555 0 n n 2] n ki}
(contral)
% of Total Length 71,00 n 0 Q a n 2.1
Cracked .
Mo, af Transverse 53 ] q 0 a 1) n
Cracks :
% Reflected - n 0 Q a n n
SEA 20% 1,800 {1218) 1740 L} n q n o} 21
% Total Length 96,6 Q 0 a 0 n 1.7
Cracked
Nn. of Transverse /4 [(27) 1 0 ] 1] n 2
Cracks
“ Reflected - 0 2] n n [s] 7.4
**0BA (000 ‘18A4) 745 n h) Q 122 bl -
% of Tocal Length T7B.5 n o] 1] 7.7 b L
Cracked
No. of Transversa 27 (G4} O n 1] 10 b -
Cracks
< Reflected - 0 n 0 15.8 b -
SEA 40% 1,200 1625 n n 0 n 1 118
% af Total Lengzh 90,3 n 0 n n n,l 5.5
Cracked
o, nf Teansverse S4 ' 0 0 a n 1 3
Cracks
% Reflected - n n n 0 1.9 5.5

* Cracking as reprasenteq 1n this nable indicated all cracking per running font of
rnadway including longitudinal, transversa, and alligator cracking. 0Nriginal survey
parfarmed priar ro Sept. 1982 overlay construction date, Time perind indicate months
after overlaying,

** DAA = Nefictent Binder Area - dafined area from CM INB.S6 to P IN3.15 - after the
13 mo. survey, a zh1p seil was placed an the 42 lane fenm P 109.0 o 109.3 covaring
the NRA irma and an adioraing unstanle area of eceqular SEA 20%, Lengths in
ragrasant Jenqths of ireas far 5-3§ and fnllawing,
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Table 21

CRACK SURVEY DATA SUMMARY™*
(Benton T.S.)

SB LANE
orig. 16 mo. 24 mo. 28 mo. 46 mo.
Section Length (ft) (8-83) (10-85) 6-86 10-86  3-88
- AR-2000 2200 2200 0 40 71 291
{Control) % of Total Length Cracked 100% 0 1.8 3.2 13.2
No. Transverse Cracks 164 0 0 1 25
. % Reflected - 0 0° 0.6 51.8
SEA 20% 1250' 1250' 0 0 0 a1
% of Total Length Cracked 100% Q 0 0 3.3
No. Transverse Cracks 90 0 0 0 31
% Reflected - 0 0 0 4.4
SEA 40% 1350 1315 g' 12 47 100
% of Total Length Cracked 97.4% 0.7% 0.9 3.5 7.4
No. of Transverse Cracks 74 9 12 12 35
% Reflected - 12.1% 16.2 16.2 47.3
NB LANE
Orig. 16 mo. 24 mo. 28 mo. 46 mo.
Section Length (ft) (8-83) (10-85) 6-86 10-86  3-88
AR-2000 2200' 1830 68’ 143 . 145 1434
(Control) % of Total Length Cracked 83.2% 3.1% 6.5 6.6 65.2
No. Transverse Cracks 123 4 13 15 86
% Reflected - 3.3% 10.6 12.2 £9.9
SEA 20% 1500' 1480" 1 1 2 114
" % of Total Length Cracked 98.7% 0.1% 0.1 0.1 7.6
No. Transverse Cracks 82 1% 1 2 28
% Reflected - 1.2% 1.2 2.8 34.1
SEA 40% 1100 798! 20! 27 27 85
% of Total Length Cracked 72.5% 1.8% 2.5 2.5 7.7
No. of Transverse Cracks 47 20 22 22 32
. % Reflected - 42.5% 46.8 46.8 68.1

*Cracking as represented in this table indicates all cracking per running foot of
roadway including longitudinal, transverse, and alligator cracking. Original
survey performed prior to June 1984 overlay construction date. Time periods
indicate months after overlaying.
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AR2000 TYPE A,

3

1/2° MAK, CORRSE  Sta. 1312450 Sta. 1325 Sta. 1334 S 1347 | 6/ PAUED
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Figure 2
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COMBINED ASPHALTS, AGGREGATES & VOIDS AT 140°F (80°C)
(From AAPT Proceedings-Volume 50, page 503)

Figure 4
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East View

Close-up of Wo. 2 Lane

Baker Test Section
AR 4000 Section - 66 Months

Figure -10-
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Close-up of Alligator Cracking in No. 2 Lane

Baker Test Section
AR 2000 Section - 66 Months

Figure -11-
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East View Showing Alligator Cracking

Close-up of Alligator Cracking

Baker Test Section
SEA 20% Deficient Binder Area
at 43 Months Prior to Chip Seal

Figure -12~
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Eagt View

Clogse-up of SEA 20% Across Lanes

Bakeyr Test Section
SEA 20% Section - 66 Months

Figure -13-
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East View

Close~up at Site of Transverse Crack Starting
From Shoulder

Baker Test Seetion
SEA 40% Section - 66 Months

Figure -14-
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